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Description 

[0001] The present invention relates to an autostere- 
oscopic display apparatus comprising a matrix display 
panel having an array of display elements which are ar- 
ranged so as to extend in rows and columns in a row 
and column direction respectively and in groups with 
each group comprising N adjacent display elements in 
the row direction where N is a number greater than two, 
and optical director means comprising a plurality of op- 
tical director elements each of which is associated with 
a respective group of display elements for directing the 
outputs of the display elements in mutually different an- 
gular directions. 

[0002] Such an apparatus is described in EP-A-0625 
861 . The matrix display panel in this apparatus compris- 
es an active matrix (TFT type) LC (liquid crystal) display 
panel acting as a spatial light modulator. It is usual in 
conventional, ordinary view, types of active matrix LC 
display panels comprising a planar array of display ele- 
ments to space the display elements apart in columns 
at regular intervals and to provide a black mask over the 
intervening spaces which shields the switches, compris- 
ing TFTs from light and which extends between adjacent 
columns of display elements, and between adjacent 
rows, to mask address conductors and enhance con- 
trast. The display element layout in a standard direct 
view or projection type active matrix LC display panel is 
designed to create a perfectly repetitive pattern at small 
enough pitch to go undetected by the eye. However, 
when such panels are used for autostereoscopic display 
purposes with optical director means such as lenticular 
screens, microlens arrays, or the like to create a 3D dis- 
play, the black mask pattern gives rise to visible artifacts. 
In the apparatus described in this specification, the dis- 
play elements of each group are arranged so as to be 
substantially contiguous with one another in the row di- 
rection in order to reduce problems with display artifacts 
caused by the black masking. When viewing a conven- 
tional LC display panel with regularly-spaced display el- 
ements through the optical director means, which in this 
known apparatus comprises, for example, a lenticular 
screen having a plurality of parallel lenticules each of 
which is disposed over a plurality of adjacent columns 
of display elements in which the display elements of an 
associated group lie and provides output light beams 
from the respective columns of display elements asso- 
ciated with the lenticule, then vertical (columnwise) por- 
tions of the black mask are also imaged by the lenticule 
such that the images from adjacent columns of display 
elements are separated by dark regions and the display 
output lacks continuous parallax. As a viewer moves his 
head to perceive a 3D display, in which each column of 
display element provides a vertical slice of a 2D image, 
the successive, different, views seen by the viewer are 
interrupted by the imaged black mask. The grouping of 
the display elements in substantially contiguous manner 
helps to overcome this problem as substantial continu- 



ous vertical black mask portions are no longer present 
between adjacent columns. In one embodiment de- 
scribed in EP-A-0 625 861 , this is achieved by arranging 
the display elements, which are generally rectangular in 

5 shape, such that one display element is offset with re- 
spect to the neighbouring display element in the column 
direction with a vertical edge of the one display element 
being substantially aligned in the column direction with 
the adjacent vertical edge of the neighbouring display 

10 element. In another described arrangement, capable of 
providing only one stereoscopic view, each group com- 
prises just two display elements from two adjacent col- 
umns of display elements and aligned in the row direc- 
tion and in which the width of the gap between these 

15 adjacent columns is comparatively small. 

[0003] A similar problem would exist even if the black 
mask portions between adjacent columns of display el- 
ements were to be omitted except that, rather than there 
being dark regions visible between successive views 

20 caused by black mask portions there would be visible 
artifacts due to the unmodulated regions of the LC layer 
then exposed. 

[0004] It is an object of the present invention to pro- 
vide an improved autostereoscopic display apparatus. 

25 [0005] According to the present invention, an auto- 
stereoscopic display apparatus of the kind described in 
the opening paragraph is characterised in that the dis- 
play elements in each group are arranged such that in 
the column direction adjacent display elements partly 

30 overlap one another. 

[0006] Such partial overlapping in the column direc- 
tion of adjacent display elements in a group is beneficial 
in that an improved display effect is obtained when view- 
ing stereoscopic images which to a viewer of this display 

35 is more pleasing, and more natural, than the display pro- 
duced by the known display apparatus of EP-A-0 625 
681. Considering the known display apparatus, then 
each lenticule of the lenticular screen provides a plural- 
ity of the light output beams, corresponding in number 

40 to the number of columns of display elements it overlies, 
each of which corresponds to a vertical slice of a two 
dimensional view. As the display elements in each group 
are substantially contiguous in the horizontal, row, di- 
rection then the light output beams from a lenticule are 

45 substantially angularly contiguous without any interven- 
ing dark regions caused by imaging of vertical bands of 
black masking and providing to a viewer a plurality of 
different 2D views with generally continuous horizontal 
parallax. However, successive 2D views presented to a 

50 viewer consequently will change abruptly from one 2D 
view to the next. In a display apparatus according to the 
present invention successive 2D views presented to a 
viewer do not flip abruptly in this manner but rather 
change in a gradual manner due to a merging effect be- 

55 tween successive views resulting from the partially over- 
lapping nature of the adjacent display elements. During 
the transitions between different views, a merging of the 
display information in both views is observed. Thus, to 
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the viewer the gradual change in view perceived gives 
the impression of enhanced continuous horizontal par- 
allax as would be experienced in the real world. 
[0007] The display elements within a group may be 
arranged in various ways to achieve this objective. 
[0008] In one preferred embodiment, the display ele- 
ments are non-rectangular parallelogram shaped and in 
a group are arranged in a line with the facing edges of 
adjacent display elements extending at an angle to the 
column direction. Preferably, a corner at one side, e.g 
the left-hand side, of one display element is approxi- 
mately aligned in the column direction with a corner to 
the same, i.e left-hand, side of an adjacent display ele- 
ment. 

[0009] In another preferred embodiment, the display 
elements are of triangular shape and in a group are ar- 
ranged in line extending in the row direction with the ori- 
entation of one display element being inverted with re- 
spect to an adjacent display element such that facing 
edges of adjacent display elements extend at an angle 
to the column direction. Preferably a base corner of one 
display element is approximately aligned in the column 
direction with the centre of the base of an adjacent ele- 
ment. 

[0010] In another embodiment, the display elements 
in a group may be shaped and arranged in a line such 
that the facing edges of adjacent display elements are 
interdigitated with one another in the row direction. 
[0011] In all the above embodiments, the shape and 
layout of the display elements in a group enable a sub- 
stantially constant output brightness to be achieved 
even at those regions in the viewing region where merg- 
ing of adjacent views occurs. Moreover, it is not neces- 
sary to make the gap between adjacent display ele- 
ments in a group extremely small as in the example de- 
scribed in EP-A-0 625 861 in order that the display ele- 
ments are substantially contiguous with one another in 
the row direction. The partial overlapping in the column 
direction of adjacent display elements achieves a similar 
effect while at the same time allows a wider gap to be 
present. This is of advantage in that a wider gap pro- 
vides greater design freedom, for example, permitting 
address conductors for the display elements to be ac- 
commodated between columns of display elements if 
desired. 

[0012] In yet another embodiment, the display ele- 
ments in a group may be substantially rectangular in 
shape and arranged such that one display element is 
offset in the column direction with respect to an adjacent 
display element with an edge of the one display element 
overlying in the column direction the adjacent display 
element. If the display elements of a group are arranged 
in, for example, two adjacent rows, then variations in 
output brightness can be experienced. Where each 
group comprises six or more display elements, this 
brightness variation can be minimised by arranging suc- 
cessive adjacent display elements, in the viewing 
sense, in at least three rows. 



[0013] Preferably, the matrix display panel comprises 
an LC display panel but it is envisaged that other kinds 
of electro-optic spatial light modulators and flat panel 
display devices such as electroluminescent or plasma 
5 display panels could be used. 

[0014] Where references are made to the display el- 
ements being triangular, parallelogram shaped, or rec- 
tangular, it will be appreciated that in the case of an ac- 
tive matrix liquid crystal display panel the required 
10 switch devices, such as TFTs or two-terminal non-linear 
switch devices such as thin film diodes, (TFDs) are pro- 
vided at each display element and consequently a small 
proportion of the described shaped may be devoted to 
the accommodation of the switch device. A panel using 
15 two-terminal non-linear switch devices is particularly 
preferred because only one set of address conductors, 
for example a set of row address conductors, need be 
provided on the same plate as the switch devices and 
the array of electrodes defining the display elements, 
20 whereas a TFT type panel requires crossing sets of rows 
and column address conductors to be provided. By not 
having a set of column address conductors on the same 
plate as the two-terminal switch devices and the array 
of electrodes, problems caused by the need to accom- 
25 modate such column conductors, and their routing be- 
tween columns of display element electrodes, are avoid- 
ed and more freedom is available for display element 
layouts. 

[0015] Embodiments of autostereoscopic display ap- 
30 paratus in accordance with the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which :- 

Figure 1 illustrates schematically the arrangement 
35 of display elements in a conventional LC display 
panel; 

Figures 2A and 2B illustrate schematically two 
known display element arrangements for an LC dis- 
play panel used as a spatial light modulator in auto- 
40 stereoscopic display apparatus; 

Figure 3 shows schematically a typical part of the 
display element arrangement in an LC display panel 
used in a first embodiment of autostereoscopic dis- 
play apparatus according to the invention; 
45 Figure 4 is a plan schematic view of the first embod- 
iment illustrating its operation; 
Figure 5 shows schematically a typical part of the 
display element arrangement in an LC display panel 
used in a second embodiment of autostereoscopic 
50 display apparatus according to the invention; 

Figure 6 is a plan schematic view of the second em- 
bodiment illustrating is operation, and 
Figures 7, 8 and 9 show schematically further ex- 
amples of the display element arrangements in LC 
55 display panels used in third, fourth and fifth embod- 
iments of autostereoscopic display apparatus re- 
spectively. 
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[0016] It should be understood that the Figures are 
merely schematic and are not drawn to scale. In partic- 
ular certain dimensions may have been exaggerated 
whilst other dimensions may have been reduced. It 
should also be understood that the same reference nu- 
merals are used throughout the Figures to indicate the 
same or similar parts. 

[0017] Referring to Figure 1, a conventional matrix 
display panel 1 0 used as a spatial light modulator com- 
prises a planar array of individually addressable display 
elements 12 arranged in rows and columns extending 
perpendicularly to one another, the part of the panel il- 
lustrated in Figure 1 showing a typical portion having 
three adjacent rows with six display elements in each 
row. In practice, there may be around 2400 columns and 
600 rows in the array. As can be seen, the display ele- 
ments are of substantially rectangular shape and are 
regularly spaced with adjacent display elements in a row 
being separated by a gap extending in the column, ver- 
tical, direction and with adjacent rows being separated 
by a gap extending in the row, horizontal, direction. 
[0018] Liquid crystal (LC) display panels are com- 
monly used as spatial light modulating display panels. 
Such LC display panels typically comprise two spaced 
transparent plates, for example of glass, with twisted 
nematic or other liquid crystal material between the 
plates, which plates carry patterns of transparent elec- 
trodes, for example of ITO, that determine the lay-out 
and shape of the display elements, each display ele- 
ment being defined by opposing electrodes on the two 
plates with LC material therebetween. In active matrix 
type LC display panels, each display element is associ- 
ated with a switch device, comprising for example a thin 
film transistor (TFT) or a thin film diode (TFD) situated 
adjacent the display element. In order to accommodate 
these switching devices the display elements may not 
be completely rectangular but may have, for example, 
a corner part missing in which the switching device is 
located. The gaps between adjacent display elements, 
both vertically and horizontally, are usually covered by 
a black mask 14 comprising a matrix of light absorbing 
material carried on at least one plate so that the display 
elements are separated from one another by this light 
opaque material. 

[001 9] The presence of this black matrix, or more pre- 
cisely the portions of the matrix extending continuously 
in the column direction between adjacent columns of 
display elements, causes a problem when using such a 
display panel for autostereoscopic display purposes. To 
provide an autostereoscopic 3D display, optical director 
means, in the form, for example, of a lenticular screen, 
is placed over the display panel as is described, for ex- 
ample, in EP-A-0625861 and the paper entitled "3D Dis- 
plays for Videotelephone Applications" by D Sheat et al 
in the Proceedings of EuroDisplay 93 Conference at 
Strasbourg in August 1993, whose disclosures are in- 
corporated herein by reference. Such a screen consists 
of an array of parallel, optically cylindrically converging 



lenticules, for example formed as plano-convex cylindri- 
cal lenses or graded refractive index cylindrical lenses, 
each of which overlies a respective group of columns of 
display elements. A lenticular screen is shown at 15 in 

5 Figure 1 , the screen having individual lenticules 1 6. With 
the display panel illuminated from the other side, each 
lenticule provides a spatially discrete output beam from 
each of the columns of display elements in its associat- 
ed group. However, the lenticule also images the vertical 

10 portions of the black matrix between each display ele- 
ment column as a result of which dark regions are visible 
between the output beams from adjacent display ele- 
ment columns so that the display does riot possess con- 
tinuous parallax. This problem could be alleviated, as is 

15 described in EP-A-0 625,861, by arranging the display 
elements such that in each group they are substantially 
contiguous with one another in the row direction. In one 
example, as illustrated in Figure 2A, adjacent display el- 
ements in a group (each group comprising six display 

20 elements in this example), are offset from one another 
in the column direction with their facing vertical edges 
aligned with one another vertically and with the bottom 
edge of one being closely aligned with the top edge of 
the other horizontally. In another example, as illustrated 

25 in Figure 2B, just two display elements are provided in 
a group and are arranged close together and in line in 
the row direction such that the width of the gap between 
adjacent display elements in a group becomes very 
small. The arrangement of Figure 2B can only provide 

30 two sub-images for one stereoscopic display picture. 
The lenticular screens and their lenticules are depicted 
schematically at 15 and 16. For a full colour display each 
display element is in effect sub-divided into three sub- 
elements, displaying red, green and blue colours re- 

35 spectively, that are aligned with one another in the col- 
umn direction. With these arrangements it is intended 
that the display elements of a group are substantially 
contiguous in the row direction so as to avoid or mini- 
mise the above described problem caused by vertical 

40 portions of the black mask. In the first example, Figure 
2A, there are no longer continuous portions of black 
mask extending vertically in the column direction. In the 
second example, Figure 2B, then because the gap be- 
tween the two adjacent display elements in a group is 

45 made deliberately very small the effects of any black 
mask between the columns of display elements become 
less perceptible. 

[0020] Matrix display panels used in embodiments of 
autostereoscopic display apparatus in accordance with 

50 the invention are shown in Figures 3, 5, 7, 8 and 9. The 
matrix display panels comprise a spatial light modulator 
in the form of an LC matrix display panel. In these em- 
bodiments, the display elements in the planar array are 
arranged in groups of three or more elements to provide 

55 two or more stereoscopic images and such that, in a 
group, adjacent display elements partly overlap one an- 
other in the column direction. As such, an imaginary 
straight line extending in the column direction crosses 
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through parts of an adjacent pair of display elements. 
The overlapping nature of adjacent display elements in 
a group can be achieved in various ways as will become 
apparent. Generally, the adjacent display elements in 
this respect will be adjacent both in the physical sense 
as well as in the viewing sense, that is, the order in which 
they are viewed as the viewer's head is moved in the 
row direction. However, it could be that an adjacent el- 
ement in the viewing sense is not the physically nearest 
display element. 

[0021 ] Referring to Figure 3, illustrating schematically 
a typical portion of an LC display panel 1 0 in a first em- 
bodiment, the display elements 12 in the planar array 
are non-rectangular parallelogram shaped, all orientat- 
ed in the same manner and of substantially identical di- 
mensions. The elements are arranged in rows and col- 
umns extending in a row direction X and column direc- 
tion Y, respectively, and in groups, each group having in 
this particular example four adjacent (physically and in 
the viewing order sense) display elements 12, aligned 
in the row direction, giving three stereoscopic views. 
The facing edges of adjacent display elements 12 in a 
group are parallel and spaced apart by a small gap. As 
the facing sides of the display elements 12 are sloping, 
then there are no continuous bands of black mask ma- 
terial extending in the vertical, column, direction be- 
tween the display elements in a column of groups. Ad- 
jacent groups in the row direction are separated by gaps 
19. 

[0022] Switching devices, TFTs or TFDs, associated 
with the display elements are disposed in the gaps be- 
tween adjacent rows of display elements, together with 
address conductors extending in the row direction for 
driving the display elements. For simplicity, the switch- 
ing devices and address conductors are not shown. In 
the case of a TFD type display panel, the display ele- 
ment electrodes defining the display elements, the set 
of row address conductors and the TFDs, each connect- 
ed between a display element electrode and an associ- 
ated row address conductor, are carried on one plate 
while a set of column address conductors, each overly- 
ing a respective column of display element electrodes, 
is carried on the other plate in conventional manner. In 
the case of a TFT type display panel, then the TFTs are 
similarly disposed in the gaps between adjacent rows 
with their gates connected to a respective one of a set 
of row address conductors extending along those gaps. 
The column address conductors could perhaps be rout- 
ed through the gaps between the columns of display el- 
ement electrodes on the one substrate but because it is 
desirable to keep these gaps narrow then conveniently 
the four column conductors for the four columns of dis- 
play element electrodes of a column of groups can ex- 
tend on the one substrate in the vertical gaps 19 be- 
tween adjacent columns of groups with conductive ex- 
tensions connecting a column conductor to the TFT of 
its associated display element extending in the gap be- 
tween adjacent rows, alongside the row address con- 



ductors. 

[0023] As can be seen from Figure 3, each display el- 
ement 1 2 in a group overlaps partly an adjacent display 
element 12 in the column direction. Thus, as shown at 

5 the box illustrated in broken outline at A in Figure 3, a 
top right hand corner portion on one display element 
overlies in the column direction a bottom left hand corner 
portion of an adjacent display element. The extent of 
such overlap can be varied and is dependent on the an- 

10 gle and the dimensions of the parallelogram. In a par- 
ticularly preferred layout, it is arranged that the upper 
left corner of one display element is substantially in 
alignment in the vertical, column, direction with the lower 
left corner of the adjacent display element. 

15 [0024] The output of the display panel is viewed 
through optical director means disposed over one side 
of the panel which in this embodiment comprises a len- 
ticular screen 1 5 having an array of parallel optically cy- 
lindrically converging lenticules indicated at 1 6 in Figure 

20 3, each of which extends in the column direction and 
overlies a respective column of display element groups, 
that is, four columns of display elements. Figure 4 is a 
plan schematic view of the apparatus illustrating its op- 
eration. The display panel 1 0 is illuminated from behind 

25 by suitable illuminating means 22 and light from the il- 
luminating means 22 is modulated by the display ele- 
ments of the panel according to display information used 
to address the elements. The display elements are driv- 
en in this respect such that a narrow vertical slice of a 

30 2D image is displayed by each column of display ele- 
ments. The display produced comprises interleaved 2D 
sub-images which can be seen by the left and right eye 
of a viewer and constituted by the outputs from respec- 
tive columns of display elements. Each lenticule 1 6 pro- 

35 vides four output beams, one from each of the associ- 
ated four columns of display elements, indicated at 26 
to 29, whose optical axes are in mutually different direc- 
tions and angularly spread around the longitudinal axis 
of the lenticule. With appropriate 2D image information 

40 applied to respective columns of display elements then 
to a viewer whose eyes receive different ones of the 
beams 26 to 29 a 3D image is perceived. As the viewer's 
head moves in the row, X, direction (Figure 3) that is, up 
and down in Figure 4, then three stereoscopic images 

45 can be viewed, as provided by the beams 26 and 27, 27 
and 28, and 28 and 29 respectively. The display ele- 
ments 12 in a group are in effect substantially contigu- 
ous with one another in row direction X. Dark regions 
separating the output beams are eliminated and contin- 
ue uous horizontal parallax is obtained. Unlike the output 
beams provided by a group in the known display ele- 
ment arrangement illustrated in Figure 2A, which are an- 
gularly contiguous, adjacent ones of the output beams 
26 to 29 overlap with one another to an extent, as de- 

55 picted in Figure 4, due to the overlap between adjacent 
display elements in the group. As a consequence, when 
a viewer's eye is moved, for example, between beams 
26 and 27, the perceived view does not flip or jump 
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abruptly to the next view but instead the views are 
merged to give a smooth transition. 
[0025] The shape and arrangement of the display el- 
ements in a group gives to the viewer the impression of 
the display elements being substantially contiguous in 
the row direction. However, unlike the type of arrange- 
ment of Figure 2B, the gap between adjacent display 
elements does not need to be very small but could, for 
example, be sufficiently large to accommodate column 
address conductors extending between columns of dis- 
play elements in the case of a TFT display panel if re- 
quired rather than in the gaps 19. 
[0026] The shape and arrangement of the display el- 
ements also means that if the brightness of the output 
as a function of distance in the row, X direction is con- 
sidered, then, assuming the display elements of a group 
are at the same transmission level, the brightness per- 
ceived by the eye as the four output beams 26 and 29 
are traversed remains substantially constant even at 
those intermediate regions where adjacent output 
beams overlap and disturbance to a viewer caused by 
brightness variations is avoided. This can be appreciat- 
ed by imagining that a slit, as indicated in a dashed out- 
line at B in Figure 3, whose width is significantly less 
than the width of a display element and which extends 
in the vertical, column direction, Y, is moved across the 
display elements of a group in the row, X, direction. The 
area of one or more of the display elements visible 
through the slit, and hence the brightness perceived, at 
any time remains substantially constant. This is in con- 
trast to the arrangement of Figure 2B in which, as the 
slit moves over the group between adjacent display el- 
ements, the extent of display element area visible 
through the slit, and hence the brightness, is reduced. 
Dark regions will be visible to a viewer as a result of the 
comparatively wide gaps 1 9 extending in the column di- 
rection between adjacent groups but these can actually 
assist the ease of viewing as they provide a clear sep- 
aration between the outputs of adjacent groups and help 
prevent viewing of unrelated output beams. As men- 
tioned, the gaps 19 could be used for the column ad- 
dress conductors in the case of a TFT type panel. For 
a TFD type panel, which does not require column ad- 
dress conductors to be provided in this manner but uses 
transparent column conductors carried on a separate 
plate and overlying respective columns of display ele- 
ment electrodes, greater freedom in the display element 
layout is possible. These gaps may, if desired, be re- 
duced in width so that groups of display elements in the 
row direction are substantially contiguous with one an- 
other. 

[0027] As an example of the dimensions involved, the 
side of the display elements may be around 300|nm in 
height and 1 OOjli in width and the gap between adjacent 
display elements in a group around 20|um in width. 
[0028] Figure 5 shows a typical portion of an LC dis- 
play panel 1 0 used as a spatial light modulator in a sec- 
ond embodiment of apparatus. The display elements 1 2 



in this embodiment are in the shape of isosceles trian- 
gles of identical dimensions. The display elements in 
each group, there being six in this example, giving five 
stereoscopic images, are arranged with adjacent dis- 
5 play elements being inverted with respect to one anoth- 
er such that the apex of one element is adjacent the 
base of the next element. The axes of the triangles are 
parallel and extend in the column, Y, direction. The bas- 
es of alternate triangles extend in straight lines in the 
10 rowdirection. Thus, in each group, each display element 
overlaps in the column direction an adjacent display el- 
ement. A base corner of one display element overlies, 
approximately, the centre of the base of an adjacent el- 
ement. Apart from the first and last elements, each dis- 
15 play element overlies two adjacent elements in this 
manner, one on each side. Each column of display ele- 
ment groups underlies a respective lenticule 16 of the 
lenticular sheet 15 and adjacent groups of display ele- 
ments in the row direction are separated by a gap 19. 
20 As an example of typical dimensions, the base of the 
display elements may be around 150jn m and their 
height around 300|n m. The gap between facing sides of 
adjacent elements may be around 20|um. 
[0029] Figure 6, corresponding to Figure 4, illustrates 
25 the operation of this embodiment. A plurality, six in this 
case, of output beams 30 to 35 are provided by each 
lenticule in mutually different angular directions around 
the longitudinal axis of the lenticule. The effects ob- 
tained are similar to those of the previous embodiment. 
30 As with the previous embodiment, the overlapping na- 
ture of adjacent display elements in a group results in 
an overlapping of the adjacent output beams such that 
the different views perceived by a viewer merge rather 
than flip. Again, an impression is given to the viewer of 
35 the display elements in a group being substantially con- 
tiguous in the row direction and the brightness of the 
views obtained from a group remains substantially con- 
stant, assuming the display elements are driven to the 
same transmissive level, even at the regions of overlap 
40 between adjacent ones of the output beams. Switch de- 
vices, again preferably TFDs, can be accommodated as 
described previously. 

[0030] Another exampleof display panel in athird em- 
bodiment of apparatus which similarly results in the 
45 elimination of dark regions and merging between adja- 
cent output beams from a lenticule is shown in Figure 
7. In this, the display elements 12 have an overall gen- 
erally rectangular shape but with the facing sides of ad- 
jacent display elements in a group being interdigitated. 
50 The manner of interdigitation illustrated in Figure 7A in- 
volves rectilinear fingers but the interdigitations could 
instead be curved, as shown, for example, in Figure 7B. 
The display elements in a group are substantially con- 
tiguous in the row direction. Because the small gap sep- 
55 arating the interdigitations occupies a greater proportion 
of the area of overlap between adjacent display ele- 
ments, compared with the previous embodiments, there 
may be a slight fall off noticeable in the brightness at the 
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overlap regions between adjacent output beams, as de- 
termined by the interdigitated area. 
[0031] A further, fourth, embodiment will now be de- 
scribed with reference to Figure 8 which uses a modified 
form of the display element arrangement illustrated in 
Figure 2A. As in the case of Figure 2A, the display ele- 
ments 12 in a group in this arrangement are generally 
rectangular and are made contiguous will one another 
in the row direction by offsetting adjacent elements in 
the column direction such the display elements of a 
group, six in this example, lie in two rows, three in each. 
However, whereas the display elements in Figure 2A are 
positioned such that the right hand edge of one element 
lies on the same vertical line as the left hand edge of its 
adjacent element, the display elements in this arrange- 
ment are positioned such that adjacent pairs of display 
elements partly overlap one another in the column di- 
rection. Thus, for example, the right hand edge of one 
display element lies on a vertical line which intersects 
an adjacent element and the left hand edge of that ad- 
jacent element lies on a vertical line which intersects the 
one display element. As a result, the output beams pro- 
vided by a lenticule 1 6 overlying the six display elements 
will be such that each pair of adjacent beams partly over- 
lap one another to provide a merging effect. Because 
larger spaces are present between the display elements 
in this arrangement, column address conductors, in the 
case of a TFT type panel, can be routed in zig-zag fash- 
ion between adjacent columns of display elements and 
it is not necessary to space adjacent groups apart to pro- 
vide a space to accommodate these conductors. How- 
ever, these larger spaces, in which black masking is 
present, will mean that light throughput is lowered, and 
consequently the overall brightness of the display pro- 
duced is reduced compared with the previous embodi- 
ments. 

[0032] With this type of layout, the number of 2D views 
obtained can be increased compared with a convention- 
al lay-out, but at the expense of vertical resolution. How- 
ever, again compared with the previous embodiments, 
the brightness of the output will increase at the regions 
of overlap between adjacent output beams rather than 
remaining substantially constant. The reason for this will 
be understood if an imaginary slit of a length corre- 
sponding to the overall height of the group and of a width 
small compared with the width of an element is moved 
over the group in the row direction. When the slit reach- 
es a region where one display element overlaps an ad- 
jacent element, the extent of the area of the display el- 
ements in the slit increases. The problem of such bright- 
ness variation can be overcome to an extent using a 
modified form of this kind of display element arrange- 
ment in a fifth embodiment, as shown in Figure 9. In this 
arrangement, the display elements are in groups of nine 
with the elements of each group being contiguous in the 
row direction by positioning the elements in three rows, 
each with three elements, giving eight stereoscopic 
views. The order of the views, and the order of the output 



beams provided by the associated lenticule 1 6 is denot- 
ed by the numbers 1 to 9. Thus, for example, display 
element 3 is adjacent display element 2 and display el- 
ement 4 is considered to be adjacent display element 3 

5 even though display elements 5 and 6 are physically 
closer to display element 3 than display element 4. The 
display elements are arranged such that adjacent ele- 
ments, in the viewing order sense, overlap one another 
in the column direction. Thus, display elements 1 and 2, 

10 2 and 3, 3 and 4, 4 and 5 etc, partly overlap. It is to be 
noted that display element 1 and display element 3, dis- 
play element 2 and display element 4, display element 
3 and display element 5, display element 4 and display 
element 6 etc. do not overlap. Rather, their vertical edg- 

15 es are simply aligned. 

[0033] Whilst, with regard to the preceding description 
of known autostereoscopic display apparatus and em- 
bodiments of the present invention, the effect of black 
mask portions between the columns of display elements 

20 has been discussed particularly, it will be appreciated 
that similar problems with unwanted display artifacts 
would exist even if these black mask portions were to 
be omitted from the panel (while still retaining black 
mask portions in the row direction). Unmodulated re- 

25 gions of liquid crystal material would then be exposed 
which, depending on the nature of the LC panel, would 
appear as either dark regions or as light regions causing 
dark bands, as previously or bright bands to be imaged. 
The apparatus of the present invention would similarly 

30 overcome such a problem. 

[0034] The autostereoscopic display apparatus which 
have been described above are of a simple and basic 
form. It will be appreciated, however, that the invention 
can be applied to other kinds of autostereoscopic dis- 
ss play apparatus which employ a spatial light modulator, 
for example the kinds of apparatus as described in EP- 
A- 0 625 861 which use an array of light sources that 
are sequentially illuminated in synchronisation with dis- 
play information by being applied to the LC display panel 

40 and in which an additional lenticular sheet or a parallax 
barrier is used adjacent the light input side of the spatial 
light modulator. 

[0035] Moreover, the apparatus may be of the projec- 
tion kind in which the output from the display panel is 
45 projected via a projection lens onto a lenticular screen 
backed by a diffuser as is also described in EP-A-0625 
861, the screen and diffuser constituting the optical di- 
rector means. 

[0036] Forms of optical director means other than a 
50 lenticular screen can be used, such as a microlens 
screen, a parallax barrier having slits which extend in 
the column direction and which are aligned with respec- 
tive columns of display element groups, as also de- 
scribed in EP-A-0 625 681 , or a holographic element. 
55 [0037] The number of display elements in a group can 
be varied, the numbers used in the above described em- 
bodiments being by way of illustration. 
[0038] All the above-described embodiments can be 



7 



13 



EP 0 783 825 B1 



14 



utilised to provide a colour display using colour filters in 
the panel so that each display element provides either 
a red, green or blue output. Various configurations of the 
different colours are possible as will be understood by 
persons skilled in the art. The different colour filters 
would be arranged so as to achieve a colour balance in 
each view constituting a stereoscopic image over a sub- 
stantial area. For example, with regard to the embodi- 
ments of Figures 3, 5 and 7, the display elements in each 
row may be arranged to display a respective colour with 
three successive rows displaying respectively red, 
green and blue, the pattern of colours being repeated 
for other rows of the panel. Alternatively, with reference 
for example to Figure 3, the display elements of three 
successive groups in the row direction may be arranged 
to display RGBRGBRGBRGB, and those in the other 
rows arranged in the same way. 
[0039] It is envisaged that matrix display panels other 
than liquid crystal panels may be used, such as other 
forms of spatial light modulators or other types of display 
panels such as electroluminescent or plasma panels. 
[0040] From reading the present disclosure, other 
modification will be apparent to persons skilled in the 
art. Such modifications may involve other features 
which are already known in the field of autostereoscopic 
displays and matrix display panels and which may be 
used instead of or in addition to features already de- 
scribed herein. 



Claims 

1. An autostereoscopic display apparatus comprising 
a matrix display panel (10) having an array of dis- 
play elements (12) which are arranged so as to ex- 
tend in rows and columns in a row and column di- 
rection (X, Y) respectively and in groups with each 
group comprising N adjacent display elements in 
the row direction where N is a number greater than 
two, and optical director means (15) comprising a 
plurality of optical director elements (16) each of 
which is associated with a respective group of dis- 
play elements for directing the outputs of the display 
elements in mutually different angular directions, 
characterised in that the display elements in each 
group are arranged such that adjacent display ele- 
ments when projected in the column direction partly 
overlap one another but adjacent display elements 
themselves do not overlap one another. 

2. An autostereoscopic display apparatus according 
to claim 1, characterised in that the display ele- 
ments (12) are non-rectangular parallelogram 
shaped and, in a group, are arranged in a line with 
the facing edges of adjacent display elements being 
substantially contiguous and extending at an angle 
to the column direction (Y). 



3. An autostereoscopic display apparatus according 
to claim 2, characterised in that a corner at one 
side of a display element (12) is substantially 
aligned in the column direction (Y) with a corner at 

5 the same side of an adjacent display element. 

4. An autostereoscopic display apparatus according 
to claim 1, characterised in that the display ele- 
ments (12) are of triangular shape and, in a group, 

10 are arranged in line extending in the row direction 
with the orientation of one display element being in- 
verted with respect to an adjacent display element 
such that facing edges of adjacent display elements 
are substantially contiguous and extend at an angle 

15 to the column direction (Y). 

5. An autostereoscopic display apparatus according 
to claim 4, characterised in that a base corner of 
one display element is approximately aligned in the 

20 column direction with the centre of the base of an 
adjacent display element. 

6. An autostereoscopic display apparatus according 
to claim 1, characterised in that the display ele- 

25 ments (12) are arranged in a line and shaped such 
that the facing edges of adjacent display elements 
are interdigitated with one another in the row direc- 
tion. 

30 7. An autostereoscopic display apparatus according 
to claim 1, characterised in that the display ele- 
ments (12) in a group are substantially rectangular 
in shape and arranged such that one display ele- 
ment is offset in the column direction (Y) with re- 
35 spect to an adjacent display element with an edge 
of the one display element overlying in the column 
direction the adjacent display element. 

8. An autostereoscopic display apparatus according 
40 to claim 7, characterised in that each group com- 
prises at least six display elements with successive 
adjacent display elements in the viewing sense be- 
ing arranged in at least three rows. 

45 9. An autostereoscopic display apparatus according 
to any one of claims 1 to 8, characterised in that 
the optical director means (15) comprises a lenticu- 
lar screen having a plurality of elongate lenticules 
(16) extending in the column direction. 

50 

10. An autostereoscopic display apparatus according 
to any one of claims 1 to 8, characterised in that 

the optical director means (15) comprises a parallax 
barrier having a plurality of elongate slits extending 
55 in the column direction. 

11. An autostereoscopic display apparatus according 
to any one of claims 1 to 1 0, characterised in that 



6. 

25 

30 7. 



50 



8 



15 



EP 0 783 825 B1 



16 



the matrix display panel comprises a liquid crystal 
panel. 

12. An autostereoscopic display apparatus according 
to claim 1 1 , characterised in that the matrix display 
panel comprises an active matrix liquid crystal pan- 
el in which each display element is associated with 
a two-terminal non-linear switch device. 



Patentanspruche 

1. Einrichtung zum Darstellen autostereoskopischer 
Bilder mit einer Matrix-Wiedergabeanordnung (10) 
mit einer Anordnung von Wiedergabeelementen 
(12), die derart vorgesehen sind, dass sie sich in 
Reihen und Spalten in einer Reihenrichtung (X) 
bzw. Spaltenrichtung (Y) und in Gruppen erstrek- 
ken, wobei jede Gruppe N aneinander grenzende 
Wiedergabeelemente in der Reihenrichtung auf- 
weist, wobei N eine Zahl groBer als zwei ist, sowie 
mit optischen Richtmitteln (15), die ein Anzahl opti- 
scher Richtelemente (16) aufweisen, die je einer 
betreffenden Gruppe von Wiedergabeelementen 
zugeordnet sind urn die Ausgangssignale der Wie- 
dergabeelemente in zueinander verschiedenen 
Winkelrichtungen zu richten, dadurch gekenn- 
zeichnet, dass die Wiedergabeelemente in jeder 
Gruppe derart vorgesehen sind, dass benachbarte 
Wiedergabeelemente, wenn in der Spaltenrichtung 
projiziert, einander teilweise uberlappen, dass aber 
benachbarte Wiedergabeelemente sich selber 
nicht uberlappen. 

2. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 1, dadurch gekennzeich- 
net, dass die Wiedergabeelemente (12) nicht eine 
rechteckige Parallelogrammform haben und, in ei- 
ner Gruppe, fluchtend vorgesehen sind, wobei die 
einander zugewandten Rander benachbarter Wie- 
dergabeelemente im Wesentlichen aneinander 
grenzen und sich in einem Winkel mit der Spalten- 
richtung (Y) erstrecken. 

3. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 2, dadurch gekennzeich- 
net, dass eine Ecke an einer Seite eines Wieder- 
gabeelementes (12) im Wesentlichen in der Spal- 
tenrichtung (Y) gegenuber einer Ecke an derselben 
Seite eines benachbarten Wiedergabeelementes 
ausgerichtet ist. 

4. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 1, dadurch gekennzeich- 
net, dass die Wiedergabeelemente (12) eine Drei- 
eckform haben und, in einer Gruppe, fluchtend vor- 
gesehen sind und sich in der Reihenrichtung er- 
strecken, wobei die Orientierung des einen Wieder- 



gabeelementes gegenuber einem benachbarten 
Wiedergabeelement derart invertiert ist, dass die 
einander zugewandten Rander benachbarter Wie- 
dergabeelemente im Wesentlichen aneinander 
5 grenzen und sich in einem Winkel zu der Spalten- 

richtung (Y) erstrecken. 

5. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 4, dadurch gekennzeich- 
10 net, dass eine Basisecke eines Wiedergabe- 
elementes in der Spaltenrichtung nahezu gegen- 
uber der Mitte der Basis eines anderen Wiederga- 
beelementes ausgerichtet ist. 

15 6. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 1, dadurch gekennzeich- 
net, dass die Wiedergabeelemente (12) fluchtend 
vorgesehen sind und eine derartige Form haben, 
dass die einander zugewandten Rander benach- 
20 barter Wiedergabeelemente in der Reihenrichtung 
kammformig ineinander greifen. 

7. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 1, dadurch gekennzeich- 

25 net, dass die Wiedergabeelemente (12) in einer 
Gruppe im Wesentlichen eine rechteckige Form ha- 
ben und derart vorgesehen sind, dass das eine 
Wiedergabeelement in der Spaltenrichtung (Y) ge- 
genuber einem benachbarten Wiedergabeelement 

30 versetzt ist, wobei ein Rand des einen Wiederga- 
beelementes in der Spaltenrichtung uber das be- 
nachbarte Wiedergabeelement liegt. 

8. Einrichtung zum Darstellen autostereoskopischer 
35 Bilder nach Anspruch 7, dadurch gekennzeich- 

net, dass jede Gruppe wenigstens sechs Wieder- 
gabeelemente aufweist, wobei aufeinanderfolgen- 
de benachbarte Wiedergabeelemente in der Seh- 
richtung in wenigstens drei Reihen vorgesehen 
40 sind. 

9. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach einem der Anspruche 1 bis 8, dadurch 
gekennzeichnet, dass die optischen Richtmittel 

45 (15) einen Linsenschirm mit einer Anzahl langlicher 
Linsen (16) aufweisen, die sich in der Spaltenrich- 
tung erstrecken. 

10. Einrichtung zum Darstellen autostereoskopischer 
50 Bilder nach einem der Anspruche 1 bis 8, dadurch 

gekennzeichnet, dass die optischen Richtmittel 
(15) eine Parallaxensperre mit einer Anzahl langli- 
cher Schlitze aufweisen, die sich in der Spaltenrich- 
tung erstrecken. 

55 

11. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach einem der Anspruche 1 bis 1 0, dadurch 
gekennzeichnet, dass die Matrix-Wiedergabean- 
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ordnung eine FIQssigkristall-Wiedergabeanord- 
nung aufweist. 

12. Einrichtung zum Darstellen autostereoskopischer 
Bilder nach Anspruch 11, dadurch gekennzeich- 
net, dass die Matrix-Wiedergabeanordnung eine 
aktive Matrix-Flussigkristall-Wiedergabeanord- 
nung aufweist, wobei jedes Wiedergabeelement ei- 
ner nicht linearen Schaltanordnung mit Doppelan- 
schluss zugeordnet ist. 



Revendications 

1. Appareil d'affichage autostereoscopique compre- 
nant un panneau d'affichage matriciel (10) compor- 
tant un ensemble d'elements d'affichage (12) qui 
sont agences de maniere a s'etendre en rangees et 
colonnes respectivement dans une direction de 
rangee et de colonne (X, Y) et en groupes, chaque 
groupe comprenant N elements d'affichage adja- 
cents dans la direction de rangee ou N est un nom- 
bre superieur a deux, et un moyen directeur optique 
(15) comprenant une pluralite d'elements directeurs 
optiques (1 6) dont chacun est associe a un groupe 
respectif d'elements d'affichage pour diriger les sor- 
ties des elements d'affichage dans des directions 
angulaires differentes les unes des autres, carac- 
terise en ce que les elements d'affichage dans 
chaque groupe sont agences de sorte que des ele- 
ments d'affichage adjacents, lorsqu'ils sont projetes 
dans la direction de colonne, se chevauchent par- 
tiellement mais que des elements d'affichage adja- 
cents eux-memes ne se chevauchent pas. 

2. Appareil d'affichage autostereoscopique suivant la 
revendication 1, caracterise en ce que les ele- 
ments d'affichage (12) ont la forme d'un parallelo- 
gramme non rectangulaire et, dans un groupe, sont 
agences en une ligne, les bords opposes d'ele- 
ments d'affichage adjacents etant pratiquement 
contigus et s'etendant en formant un angle par rap- 
port a la direction de colonne (Y). 

3. Appareil d'affichage autostereoscopique suivant la 
revendication 2, caracterise en ce qu'un coin au 
niveau d'un cote d'un element d'affichage (12) et un 
coin au niveau du meme cote d'un element d'affi- 
chage adjacent sont pratiquement alignes dans la 
direction de colonne (Y). 

4. Appareil d'affichage autostereoscopique suivant la 
revendication 1, caracterise en ce que les ele- 
ments d'affichage (12) sont de forme triangulaire et, 
dans un groupe, sont agences en une ligne s'eten- 
dant dans la direction de rangee, I'orientation d'un 
element d'affichage etant inversee par rapport a un 
element d'affichage adjacent de sorte que des 



bords opposes d'elements d'affichage adjacents 
sont pratiquement contigus et s'etendent en for- 
mant un angle par rapport a la direction de colonne 
(Y). 

5 

5. Appareil d'affichage autostereoscopique suivant la 
revendication 4, caracterise en ce qu'un coin de 
base d'un element d'affichage et le centre de la ba- 
se d'un element d'affichage adjacent sont approxi- 

10 mativement alignes dans la direction de colonne. 

6. Appareil d'affichage autostereoscopique suivant la 
revendication 1, caracterise en ce que les ele- 
ments d'affichage (12) sont agences en une ligne 

15 et de forme de sorte que les bords opposes d'ele- 
ments d'affichage adjacents sont interdigites les 
uns par rapport aux autres dans la direction de ran- 
gee. 

20 7. Appareil d'affichage autostereoscopique suivant la 
revendication 1, caracterise en ce que les ele- 
ments d'affichage (12) dans un groupe peuvent etre 
de forme pratiquement rectangulaire et agences de 
sorte qu'un element d'affichage est decale dans la 

25 direction de colonne (Y) par rapport a un element 
d'affichage adjacent, un bord du un element d'affi- 
chage chevauchant dans la direction de colonne 
I'element d'affichage adjacent. 

30 8. Appareil d'affichage autostereoscopique suivant la 
revendication 7, caracterise en ce que chaque 
groupe comprend au moins six elements d'afficha- 
ge, des elements d'affichage adjacents successifs 
dans le sens visualisation etant agences dans au 

35 moins trois rangees. 

9. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications 1 a 8, carac- 
terise en ce que le moyen directeur optique (15) 

40 comprend un ecran lenticulaire comportant une plu- 
ralite de lentilles allongees (16) s'etendant dans la 
direction de colonne. 

10. Appareil d'affichage autostereoscopique suivant 
45 rune quelconque des revendications 1 a 8, carac- 
terise en ce que le moyen directeur optique (15) 
comprend une barriere de parallaxe comportant 
une pluralite de fentes allongees s'etendant dans la 
direction de colonne. 

50 

11. Appareil d'affichage autostereoscopique suivant 
I'une quelconque des revendications 1 a 1 0, carac- 
terise en ce que le panneau d'affichage matriciel 
comprend un panneau a cristaux liquides. 

55 

12. Appareil d'affichage autostereoscopique suivant la 
revendication 11, caracterise en ce que le pan- 
neau d'affichage matriciel comprend un panneau a 
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cristaux liquides a matrice active dans lequel cha- 
que element d'affichage est associe a un dispositif 
de commutation non lineaire a deux bornes. 
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